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(54) Method and apparatus for deinterleaving interleaved data stream in a communication system 



(57) An apparatus and method for reading written 
symbols by deinterleaving to decode a written encoder 
packet in a receiver for a mobile communication system 
supporting turbo coding and interleaving, such that a tur- 
bo-coded/interleaved encoder packet has a bit shift val- 
ue m, an up-limit value J and a remainder R, and a 
stream of symbols of the encoder packet is written in 
order of column to row. The apparatus and method per- 



form the operations of generating an interim address by 
bit reversal order (BRO) assuming that the remainder R 
is 0 for the received symbols; calculating an address 
compensation factor for compensating the interim ad- 
dress in consideration of a column formed with the re- 
mainder; and generating a read address by adding the 
interim address and the address compensation factor 
for a decoding -required symbol, and reading a symbol 
written in the generated read address. 
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Description 

PRIORITY 

5 [0001] This app.ication claims priority under 35 U.S.C. § 11 9 to an application entitled "Method and Apparatus for 
Deinterleaving interleaved Data Stream in a Communication System" filed in the 

on October 29 2002 and assigned Serial No. 2002-66189. and an application entitled "Method and Apparatus for 
DeSeaving'.nTedeaved Data Stream in a Communication System" filed in the Korean Intellectual Property Off.ce 
or f SeptemTe? £ 2003 and assigned Serial No. 2003-66400, the contents of both of which are incorporated herein 
10 by reference. 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[00021 The present invention relates generally to a high-speed packet data communication system, and in particular, 
to a method and apparatus for receiving interleaved data and deinterleaving the received Interleaved data into its 
original data format. 

so 2. Description of the Related Art 

[00031 A Code Division Multiple Access (CDMA) mobile communication system, for example, a CDMA IS-2000 sys- 
tem and a Universal Mobile Telecommunication Service (UMTS) Wideband CDMA (WCOMA) system, supports both 
a voice service and a circuit data service. ... 
25 [00041 A synchronous CDMA2000 Release A/B mobile communication system and an asynchronous UMTS mobile 
communication system employ turbo coding and interleaving for reliable transmission of multimedia data. It is well 
known that turbo coding provides a very high information restoration capability in view of a bit error rate (BER) even 
at a low signal-to-noise ratio (SNR), and interleaving prevents defective bits in a fading environment from concentrating 
on one point. The interleaving allows adjacent bits to randomly undergo fading effects to prevent a burst error, thereby 

30 contributing to an increase in channel coding effects. 

[00051 To meet increasing demand for a service requiring high-speed packet data transmission, such as the Internet 
and moving image services, a mobile communication system tends to develop into a system supporting a high-speed 
packet data service. According to CDMA2000 Release C/D, known as Evolution in Data and Voice (1 xEV-DV) standard, 
driven by Third Generation Partnership Project (3GPP) and Third Generation Partnership Project 2 (3GPP2), a base 
station segments code symbols generated by encoding a transmission packet data stream by a channel encoder into 
subblocks with a predetermined size, and interleaves the respective segmented subblocks. A mobile station receives 
a stream of the interleaved subblocks, converts the received subblock stream into code symbols, and performs dein- 
terleaving, a reverse operation of interleaving used in the base station, on the code symbols, to thereby restore the 
received subblock stream into the original signal output from the channel encoder. 

T0006] In the CDMA2000 Release A/B standard, a length of a code symbol stream which becomes the subject of 
interleaving must be divided by a power of 2 . That is, it is provided that a length of a code symbol stream should become 
a multiple of a number having 2 as its base and having a bit shift value, one of interleaving parameters, as its exponent. 
On the contrary, in 1 xEV -DV, a length of a subblock code symbol stream is not divided by a power of 2 That is the 
1 xEV-D V standard defines an interleaving rule different from that of the existing standards. Hence, the 1 xEV-DV stand- 
's ard needs technologies for enabling a mobile station to receive a data stream interleaved according to the new inter- 
leaving rule and rapidly effectively deinterteave the received data stream. 
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SUMMARY OF THE INVENTION 



so [0007] It is therefore, an object of the present invention to provide a method and apparatus for rapidly restonng, by 
a receiver data that was interleaved by a transmitter before being transmitted, in a communicat.on system. 
[0008] It is another object of the present Invention to provide a method and apparatus for performing subblock dein- 
terleaving on forward packet data in a receiver of a communication system. 

[0009] It is further another object of the present invention to provide a method and apparatus for performing dein- 
55 terleaving using an input buffer of a channel decoder in a receiver of a communication system. 

[0010] It is yet another object of the present invention to provide a method and apparatus for reading mterteaved 
data, writing the received interleaved data, and reading the written data in order of deinterleaving in a commumcat.on 
system. 
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[0011] It still another object of the present invention to provide a method and apparatus for receiving interleaved 
data, writing the received interleaved data, and reading the written data using a read address created according to a 
deinterleaving rule in a 1 xEV -DV communication system. 

[0012] To achieve the above and other objects, there is provided a method for reading written symbols by deinter- 
leaving to decode a written encoder packet in a receiver for a mobile communication system supporting turbo coding 
and interleaving, wherein a turbo-coded/interleaved encoder packet has a bit shift value m, an up-limit value J and a 
remainder R, and a stream of symbols of the encoder packet is written in order of column to row. The method comprises 
the steps of: generating an interim address by bit reversal order (BRO) assuming that the remainder R is 0 for the 
received symbols; calculating an address compensation factor for compensating the interim address in consideration 
of a column formed with the remainder; and generating a read address by adding the interim address and the address 
compensation factor for a decoding-required symbol, and reading a symbol written in the generated read address. 
[0013] To achieve the above and other objects, there is provided an apparatus for reading written symbols by dein- 
terleaving in a receiver for a commu nication system supporting turbo decoding and interleaving, wherein a turbo-coded/ 
interleaved encoder packet has a bit shift value m, an up-limit value J and a remainder R, the receiver including a 
buffer for writing symbols of the encoder packet in order of column to row and a channel decoder for decoding the 
written encoder packet. The apparatus comprises an interim address generator for generating an interim address by 
performing a bit reversal order (BRO) operation on an index of a code symbol requested by the channel decoder 
without considering the last column of symbols written in the buffer in the form of a matrix; an address compensator 
for calculating an address compensation factor for compensating the interim address in consideration of a column 
formed of the remainder; and an adder for generating a read address for reading a code symbol requested by the 
channel decoder from the buffer, by adding the address compensation factor to the interim address. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The above and other objects, features and advantages of the present invention will become more apparent 
from the following detailed description when taken in conjunction with the accompanying drawings in which: 

FIG. 1 is a block diagram illustrating a structure of a base station transmitter for generating a transmission sub- 
packet by interleaving packet data for a forward packet data channel; 

FIG. 2 illustrates subblock interleaving and subblock symbol grouping operations by a channel interleaver; 
FIG. 3 illustrates a structure of a mobile station receiver for acquiring decoded data from a subpacket received 
over a forward packet data channel; 

FIG. 4 illustrates an interleaving process performed on one subblock for N EP =408, wherein the interleaving process 
is divided into three steps; 

FIG. 5 is a block diagram illustrating an apparatus for performing subblock deinterleaving on forward packet data 
traffic according to an embodiment of the present invention; 

FIG. 6 illustrates a matrix of code symbols formed by applying an encoder packet size and interleaving parameters 
given in Example 1 ; 

FIG. 7 illustrates a row index, an interim address, an address compensation factor and a final read address, 
40 generated for a code symbol index in Example 1 ; 

FIG. 8 illustrates a matrix of code symbols formed by applying an encoder packet size and interleaving parameters 
given in Example 2; 

FIG. 9 sequentially illustrates a row index, an interim address, an address compensation factor, and a final read 
address, generated for a code symbol index in Example 2; 
4s FIG. 10 Illustrates a block diagram of a read address generator according to an embodiment of the present Inven- 

tion for N EP =408, 792, 1560, 3096, 6168 and 12312; 

FIG. 11 illustrates a block diagram of a read address generator according to an embodiment of the present inven- 
tion, for N EP =3238, 

FIG. 12 illustrates a block diagram of a read address generator according to an embodiment of the present inven- 
ts tion : for N EP =3864; 

FIG. 13 illustrates a block diagram of a read address generator according to an embodiment of the present inven- 
tion, for N EP =4632; 

FIG. 14 illustrates a block diagram of a read address generator according to an embodiment of the present inven- 
tion, for N £p -9240; and 

55 FIG. 15 illustrates a block diagram of a read address generator according to an embodiment of the present inven- 

tion, for N EP =15384. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

fOOISI Several embodiments of the present invention will now be described in detail with reference to the aomnpa- 
nJEa drawing the drawings, the same or similar eiements are denoted by the same reference numerals. In he 
5 "oCing^^ 

rOo5 T The^esent invention receives a stream of interleaved packet data and deinterieaves the ^ivedinterleaved 
oacket d ata sS Particularly, the invention deinterieaves a stream of packet data that was interleaved accord.ng 
f ^^CDM^TooTxEV (Evolution in Data and Voice) standard for a synchronous CDMA commun.^uon, systenv 
to M 71 A description will first be made of a structure and operation for interleaving a stream of packet data and 
deinterieaving a stream of the interleaved data in a CDMA2000 1 xEV-DV mob.le commun.cat.on V^.. 
[00181 FIG 1 is a block diagram illustrating a structure of a base station transm,tter for generat.ng a transm.ssion 
subDacket bv interleaving packet data for a forward packet data channel. 

00191 1 ReSg to FIG 1 , a turbo encoder 110 encodes a stream of input packet data ^ encoder packet at a 
prede ermined code rate R and outputs a stream of code symbols. Here, the turbo encoder 110 having a R=1/5 code 
?^spt^edinTheixEV.DV standard iscomprisedofonetu 

S the turDo encoder 110 will now be described. An input encoder packet is output as a systematic subpacket Sas.t 
is ^hou^o Son. and a first constant encoder encodes the input encoder packet and outputs 2 panty subblocks 
P TandPf The'urbointerieaver constituting the ^'^^'^^^^.'^^^^ 
another systematic subblock S'. The systematic subblock ff generated by the turbo .nterieaver « .nput to a second 
conlrituentTnTo^r The second constituent encoder encodes the systematic subb.ock S' and outputs other 2 drfferent 
paXsub^ 

110 outputs 5 subblocks S. PO. PI. PO\ PV having the same size as the input encoder packet. 
0020] A channel interleave 1 20 properly interleaves code symbols output from the turbo encoder 1 1 0 so that code 

25 Lmbols constituting a subpacket guarantee coding gain on a high level. Code symbols output from the urbo ^encoder 
m are properly arLged. Such arrangement is performed by sequentially perform.ng symbol separat.on. subblock 
nterieavlng and subblock symbol grouping. Specificalty. a symbol separator 122 class.f.es 5 kinds of code symbols 
output from the turbo encoder 110 according to symbol types, and forms 5 subblocks. A subblock nterieaver 124 
interleaves each of the 5 subblocks output from the symbol separator 122 according to the same •nterleavmg rule. 

30 Finallv a subblock symbol grouper 1 26 alternately groups some code symbols in the interleaved subblocks 

[uSS] FIG 2fflustrates subb.ock interleaving and subbiock symbol grouping operations by the channel I .nterieaver 
20 As illustrated. 5 subblocks S. PO, PO', P1. P1' (represented by reference numerate 10 to 18) separated accord.ng 
to their types are subblock-interieaved by the subb.ock interleave 1 24, and then ou*ut as '" ter ' e ^ d ^f^ o 2 ° 
to 28 Thereafter the subblock symbol grouper 128 alternately groups the interleaved parity symbols 22 to 28 w.thout 

35 changing the inte leaved systematic subblock 20, among the interleaved subblocks 20 to 28. Descnb.ng a group.ng 
271^1 of the interleaved subblock PO (22) and the interieaved subblock PO' (24) are altemate.y a, 
Tanged to generate afirs, data group 32. Similarly, code symbols of the interleaved subb.ock P1 (26) and the .nterleaved 
subblock P1 ' (28) are alternately arranged to generate a second data group 34. 

[002^ A subpacket symbo. selector 130 se.ects some symbols from the data interieaved by the channel .nterieaver 
40 "cacco*^ 

is modutated with a predetermined modulation scheme and then transmitted to a mobile stat.on through a well known 
procedure such as spreading and frequency conversion. 

[0023] A mobile station, receiving high-speed packet data transmitted by a base stat.on over a torward packet data 
channel, acquires decoded data by inversely performing the operation shown in FIG. 1 1 . rar ^ kmi 
45 [0024] FIG. 3 illustrates a structure of a mobile station receiver for acqu.ring decoded data from asubpacket receded 

MM ''MX ;o e RG ,a 3 Ch a a subUkel zero inserter 210 inserts '0' in a predetermined position of a received sub- 
pS in^oSon with the symbol selector 140 of the basesta.ion transmitter. A mobile 

Seinterieaver 220 corresponding to the base station receiver's channel interleaver 1 20 sequentially performs subb.ock 

so svmbol unaroupinq, subblock deinterleaving. and symbol deseparation. 

[OuS? More specficany, a subblock symbol ungrouper 222 separates subb.ocks output from *e ^packet zero 
nscrtlr 210 according their types, and outputs 5 interleaved subblocks. A subblock deintericavcr 224 ^.nterioavos 
each of the interleaved subblocks according ,0 a deinter.eaving ru.e corresponding to the interieav.ng rule used .n the 
subblock interleaver 124 of the base station transmitter. Finally, a symbol deseparator226 separates the f e,nterlea ^ 

55 outpTand provides its output to a channel decoder 230. The channel decoder 230 decodes the 

at the same code rate as that of the turbo encoder 11 0 of the base station transmitter, and forms ^ de ^ a £ 
[0027] in the mobile station receiver operating in the above method, subblock de.nterieav.ng must be pertanned by 
reflecting an interleaving rule used for subblock interleaving, and such interleaving has drfferent complex.ty according 
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to a length of an input sequence which becomes the subject of interleaving. 

[0028] In reducing complexity of a mobile station receiver and improving a data processing speed, subblock dein- 
terleaving can be performed using the following two methods. A first method is to perform deinterleaving when writing 
code symbols in an input buffer of a channel encoder, and in this case, write addresses of the input buffer for writing 
the code symbols are created considering a deinterleaving rule. A second method is to perform deinterleaving when 
a channel decoder reads code symbols from an input buffer, and in this case, read addresses of the input buffer for 
reading the code symbols are created considering a deinterleaving rule. 

[0029] The former method must reflect not only subblock deinterleaving but also deshuffling accompanied by a de- 
modulation process, when generating write addresses. Therefore, an additional control device is required according 
to a type of a modulation scheme and a deshuffling pattern, causing an increase in the complexity. Accordingly, the 
present invention provides a method for generating read addresses for reading code symbols from an input buffer of 
a channel decoder in performing subblock deinterleaving. 

[0030] According to the 1xEV-DV standard, 11 encoder packet (EP) sizes available for a packet data channel (PDCH) 
transmitting traffic are specified in Table 1 below. Code symbols output from a channel encoder are interleaved ac- 
cording to subblocks, and in this case, since a size of each subblock is identical to a size of an encoder packet, a length 
ot code symbol stream which becomes the subject of interleaving/deinterleaving is also identical to the size of the 
encoder packet. 

[0031 ] Table t below shows sizes of an encoder packet, specified in the 1 xEV-DV standard, and subblock interleav- 
ing/deinterleaving parameters according thereto. In Table 1 , a bit shift value m and an up-limit value J are associated 
with the number of rows and the number of columns, respectively, when a stream of code symbols having a size N EP 
is arranged in the form of a matrix, and a remainder R means the number of elements in the last column of the matrix. 



Table 1 



25 



35 



40 



EP Size (N EP ) 


Bit Shift (m) 


Up Limit (J) 


Remainder (R) 


408 


7 


4 


24 


792 


8 


4 


24 


1560 


9 


4 


24 


2328 


10 


3 


280 


3096 


10 


4 


24 


3864 


11 


2 


1816 | 


4632 


11 


3 


536 


6168 


11 


4 


24 I 


9240 


12 


3 


1048 


12312 


12 


4 


24 | 


15384 


13 


2 


7192 



[0032] As a result, a relation between the encoder packet size N EP and interleaving/deinterleaving parameters is 
defined as 

N EP = 2 m x (J-l)+R (1) 

[0033] In order to describe a deinterleaving rule according to the present invention, a format of an interleaved data 
stream will first be described in detail by way of example. 

[0034] FIG. 4 illustrates an interleaving process performed on one subblock for N EP =408, wherein the interleaving 
process is divided into three steps. 

[0035] As illustrated, in step 40, 408 code symbols are sequentially written in a buffer according to an output code 
symbol index k (k=0.1 ,2, 407) of a channel decoder. Here, arrows represent the order in which code symbols are 
written (down -> left), and the code symbols are written in order of column row, as illustrated. That is, code symbols 
in a first column are written in a row direction, code symbols in second and third columns are written in the same 
method, and finally, remaining code symbols in a fourth column are written. In step 42, the written code symbols are 
rearranged for each column by bit reversal order (BRO)of a column number. Here, "bit reversal order" refers to reversing 
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' order of bits For example, in FIG. 4. a row number T is expressed as "0000001 « in binary. This is because the numbe 
^ merits that can be included in each column is 128 since an encoder packet size is 408 and an up** v*ue . 
set to 4 That is in order to express 128. 7 binary digits are needed. Therefore, a row number 1 is expressed as 
■0000001 r and the row numberV is BRO-reversed into "1000000." This can be expressed as a row " umber "64 n 
dSmal in the present invention, such a read address is generated. In step 44, the rearranged code symbols are 
S from a buffer in order of row column by row BRO according to the generated read address. Here, arrows 
reoresent the order in which code symbols are written (rights down). 

OuS Referring to FIG. 4. a matrix of code symbols written in a buffer consists of arrows and 4 columns, and the 
St 5 cSumnTas only 24 elements. Here, if the 4* column has no e.ement, i.e., if R=0, subblock interleaving in a 
S e sta transmitter can be achieved by simply generating a read address B, of an P code symbol where ,=0 12, 
.... 407) in accordance with Equation (2) and then reading a code symbol .n a corresponding address from a buffer. 

B, = 2" x (/ mod(y - 1)) + BRO m fa /(/ - 1) J) (2) 
= 2 7 x (j !mod 3) + BRO n fa 1 3 J) 



[00371 in Equation (2), T is an output code symbol index of a subblock interleaver. 'mod " indicates a modulo oper- 
20 ation "BR0 7 ()" indicates a 7-bit BRO operation, and "L J' indicates a maximum integer not exceeding an input ■ 

r00381 Meanwhile, code symbols interleaved in a base station are transmitted to a mobile stat.on through a well 
known procedure such as modulation and spreading. The code symbols received at the mobile stat.on are written in 
en input buffer of a channel decoder in subblock-interleaved order. Therefore, the subblock interleaving can be ach.eved 
ly generating a read address A k of a k* code symbo. for an input code symbol index k (k=0,1 ,2. -,407) of the channel 
25 decoder in accordance with an inverse function of Equation (2) above, and reading a code symbol in a corresponding 
address from the channel decoder. Equation (3) below shows a generation expression of a read address A* us.ng an 
inverse function of B l given by Equation (2). 

30 A l =(J-\)^BRO m {kmod2")+lk/2" , i (3) 

= 3x BRO,{k mod2 7 ) + [* / 2' J 



35 



100391 Equation (2) and Equation (3) were considered for R=0. However, since R has non-zero values forall encoder 
packet sizes specified in Table 1 including N EP =408, a read address generation expression for subblock interleaving 
is not as simple as Equation (3). , . ro . „ 

■ 0040] Therefore, the embodiment of the present invention separates a generation process of a read address for an 
40 nput buffer of a channel decoder into three steps of interim address generation, address compensation and addit.cn. 
Here an "interim address" indicates a read address generated on the assumption that R=0. and the address com- 
pensation" indicates an operation of generating an address compensation factor for generating a final read address 
bv compensating the interim address. 

r0041 1 FIG 5 illustrates an apparatus for performing subblock deinterleaving on forward packet data traffic according 
« to an embodiment of the present invention. The illustrated apparatus performs subblock deinterleaving on each of 

interleaved subblocks output from the subblock symbol ungrouper 222 In the mobile station receiver of FIG. 3. 

r00421 Referring to FIG. 5, interleaved code symbols of one subblock are written in an input buffer 31 0 (or a channel 

decoder 330 in interleaved order. Here, a memory structure of the input buffer 310 is formed in a 2™xj memory array 

according to an encoder packet size Nep, and code symbols are written in the memory array in order of column ^ row 
so as described in step 40 of FIG. 4. A deinterleaving address generator 320 then generates read address for reading 

code symbols from the input buffer 310 according to a deinterleaving rule corresponding to the interleaving rule used 

in the base station transmitter. 

[0043] Equation (4) below illustrates a generation expression for generating a read address in the deinterieavmg 
address generator 320. 



55 



A k = lA k + C(r k ) 



(4) 
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[0044] Here, "k" is an index of a code symbol that the channel decoder 330 requested. "V is « r ead address of an 
input buffer 310 in which subblock interleaving was reflected, "IA k " is an interim address, "C(r k ) w is an address com- 
pensation factor for the interim address, and w r k " «s a row index of an interleaved code symbol matrix. 
[0045] More specifically, an interim address generator 322 receives a code symbol index k from the channel decoder 
330, and generates an interim address IA k for which the last column was not considered and a row index r k , for the k. 
An address compensator 324 receives the row index r k and generates an address compensation factor C(r k ) for a 
corresponding row, and an adder 326 adds the address compensation factor C(r k ) of a corresponding row to the interim 
address IA k and provides a final read address A k to the input buffer 31 0. 

[O046J The input buffer 31 0 then outputs a code symbol corresponding to the read address A k to the channel decoder 
330. A series of such procedures are continued until all code symbols written in the input buffer 310 are read out. 
[0047] Generation of an interim address by the interim address generator 322 will now be described in more detail. 
In FIG. 5, the interim address generator 322 receives an index k of a code symbol that the channel decoder 330 desires 
to receive, and outputs an interim address !A k and a corresponding row index r k . Assuming that a memory array of the 
input buffer 310 for writing interleaved code symbols of one subblock has the format of a matrix shown in step 44 of 
FIG. 4, a row index r k of a k m code symbol can be simply calculated by 



r k =BRO m (k mod 2 m ) (5) 
where "m" indicates a bit shift value shown in Table 1 . 

[0048] As mentioned above, the interim address is an interim read address generated on the assumption that a 
remainder R in Table 1 is equal to 0 or a total number (=2 m ) of rows. In this case, interleaved code symbols written in 
the input buffer 31 0 constitute a perfect 2 rn x{J-1) or 2 m xJ matrix. 

[0049] According to Table 1 , for 5 kinds of encoder packets with N EP <3096, R is smaller than 2 m ' 1 which is a half of 
the total number of rows, whereas for encoder packets with N EP ^3864, R is larger than 2 m ' 1 . When R is smaller than 
a half of the number of rows, if a 2 m x (J-1 ) matrix is used, only R elements can be further considered during address 
compensation. In contrast, when R is larger than a half of the number of rows, if a 2 m xJ matrix is used, only (2 m -R) 
elements are excluded during address compensation. Therefore, an interim address generation expression for more 
simplifying an operation of the address compensator 324 is divided into two types according to a value of the remainder 
R as shown in Equation (6) below. 



if R<2 m ' 1 

35 IA k =(J-\)BRO m (kmod2 a )+lk/2 m l 

= (y-l). r , + [*/2\l (6) 

otherwise 

40 

IA k =J-BROJkmod2 m ) + lk/2 m \ 
= Jr k +|*/2 m J 

45 

[0050] Next, address compensation by the address compensator 324 will be described in more detail. The address 
compensator 324 receives a row index r k from the Interim address generator 322 and outputs an address compensation 
factor C(r k ). As mentioned above, if the remainder R by an encoder packet si*e is smaller than a half, 2 m \ of the 
number of rows, an address compensation factor is increased by one each time there occurs an element that must be 
50 further considered. On the contrary, if the remainder R is larger than a half of the number of rows, an address com- 
pensation factor is decreased by one each time an element to be excluded is generated. 

[0051] A principle of generating the address compensation factor will now be described with reference to the following 
two examples. 

55 Example 1 : NEP=20, m=4. J=2 and R^4 

[0052] In Example 1 f the remainder R is smaller than 8 (=2 m ' 1 ) which is a half of the number of rows. 
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' rOOS31 FIG 6 illustrates a matrix of code symbols formed by applying an encoder packet size and interleaving pa- 
rameters given in Example 1 . As illustrated, a first column has all of 16 elements, but a second column has only 4 

moSTm a matrix before a row BRO operation, code symbols of the last column are located in row indexes ,01 , 2 
s and 3 but code symbols of the last column after a row BRO operation are uniformly dispersed while maintaining the 
" same distance 4 (=16/4), thereby shifting to respective row indexes 0, 4, 8 and 12. Such dispersion appears because 
of a characteristic of the BRO operation, and it can be understood that if such a characteristic is used, an address 
compensation factor for R<2-1 is increased by one at every 4* row after a code symbol first appears at the last column. 
r00551 FIG 7 sequentially illustrates a row index r k , an interim address IA k , an address compensation factor C(r k ), 
w Lnd a final read address A* generated for a code symbol index k in Example 1 As illustrated, a final read 

is a value determined by adding an address compensation factor C(r k ) to an interim address IA k , and the address 
compensation factor C(r k ) is increased by one at the next rows each time a code symbol appears at the last column 
because if a code symbol lo be further considered for the last column which was not cons.dered during generation of 
an interim address is inserted, a read address for the inserted code symbol is additionally allocated and as a result. 
'5 ils succeeding interim addresses must be shifted forward by one. 

IO0S6] That is the address compensator factor C(r k ) can be calculated by determining a row of the matrix, to which 
a code symbol, written In the input buffer 310, having an index k requested by the channel encoder 330 belongs and 
determining the numberof rows in which code symbols that were not considered during generation of an intenm address 
belore a row to which the corresponding code symbol belongs are inserted, 
.-o rO0571 For example, since a row index of a code symbol with a code symbol index k=1 0 is 5 and the number of rows 
,n which code symbols that were not considered during generation of an interim address before this row are inserted 
is2 (rowindex-0,4), an address compensation factorforthe code symbol index 10 becomes 2. A process of calculating 
the address compensation factor is defined as 
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fOOSSl Here "d" is a value determined by dividing the total number of rows by the number of code symbols to be 
inserted or the number of rows in which code symbols are to be inserted, and it means an inter-row distance of code 
symbols belonging to the last column. Further, "r*" means an index of a row where a first inserted code symbol among 
the remaining code symbols inserted in the last column is located. Since a code symbol first inserted in the last column 
is always located in a row index 0 in the light of a characteristic of a BRO operation, r+ is 0. However, when there exists 
a code symbol that was already inserted in the last column according to the remainder R and the number of rows a 
row index r of a first code symbol additionally inserted according to the row index of the already inserted code symbol 
is determined. In an address compensation factor C of Equation (7), V is for indicating that a code symbol ,s "inserted 
in the last column and »d" is for indicating a ratio ofthe number of rows in which code symbols are inserted to the total 



[0059] " If Equation (7) is applied to Example 1 , an address compensation factor generation expression for Example 
1 is given by 

<56i) .[iLtl=JS±2j.[5^j (S) 

Example 2: : NEP=20, m=4, J=2 and R=12 

rooeoi In Example 2, the remainder R is larger than equal to 8 (=2™-i) which is a half of the number of rows. 
[0061] FIG 8 illustrates a matrix of code symbols formed by applying an encoder packet size and interleav.ng pa- 
ss rameters given in Example 2. As illustrated, a first column has all of 1 6 elements, but 4 elements must be excluded 

from a second column. . 
[00621 In a matrix before a row BRO operation, code symbols to be excluded from the last column are located in row 
indexes 1 2, 1 3, 1 4 and 1 5, but code symbols to be excluded after a row BRO operation are dispersed while mamtaming 
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the same inter-row distance 4 (=16/4), thereby shifting to respective row indexes 3, 7, 11 and 15. Such dispersion 
appears because of a characteristic of the BRO operation, and it can be understood that if such a characteristic is 
used, an address compensation factor for R<2 m * 1 is decreased by one at every 4 th row after a code symbol is first 
excluded from the last column. 

[0063] FIG. 9 sequentially illustrates a row index r k , an interim address IA k> an address compensation factor C(r k ), 
and a final read address A k , generated for a code symbol index k in Example 2. As illustrated, a final read address A k 
is a value determined by adding a negative address compensation factor C(r k ) to an interim address IA k , and the 
address compensation factor C(r k ) is decreased by one at the next rows each time a code symbol is excluded from 
the last column. This is because if a code symbol that should have not been considered which was considered during 
generation of an interim address is inserted, a read address which was allocated for the excluded code symbol must 
be deallocated and as a result, its succeeding interim addresses must be shifted backward by one. 
[0064] That is, the address compensator factor C(r k ) can be calculated by determining a row of the matrix", to which 
a code symbol, written in the input buffer 310, having an index k requested by the channel encoder 330 belongs, and 
determining the number of rows in which code symbols that were considered during generation of an interim address 
before a row to which the corresponding code symbol belongs are inserted. 

[0065] For example, since a row index of a code symbol with a code symbol index k=1 3 requested by the channel 
decoder 330 of FIG. 5 is 11 and the number of rows from which code symbols that were considered during generation 
of an interim address this row are excluded Is 2 (row index=3,7), an address compensation factor for the code symbol 
index 13 becomes -2. A process of calculating the address compensation factor is defined as 
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(9) 



[0066] Here ; "d M is a value determined by dividing the total number of rows by the number of code symbols to be 
excluded, or the number of rows from which code symbols are to be excluded, and it means an inter-row distance of 
code symbols to be excluded from the last column. Further "r* means an index of a row where a first excluded code 

30 symbol is located. Since a code symbol first excluded from the last column is always located in a row index d-1 in the 
light of a characteristic of a BRO operation, r is d-1 . However when there exists a code symbol that was already 
excluded in a state where the last column is not fully filled according to the remainder R and the number of rows, a 
row index r of a first code symbol additionally excluded according to the row index of the previously excluded code 
symbol is determined. In an address compensation factor C rf of Equation (9), "-" is for indicating that a code symbol 

25 is "excluded" from the last column, and "d" is for indicating a ratio of the number of rows from which code symbols are 
excluded to the total number of rows. 

[0067] If Equation (9) is applied to Example 2, an address compensation factor generation expression for Example 
2 is given by 



cw--[**=e±aj--[ij Co 

[0068] With reference to Example 1 and Example 2, a procedure for calculating, an address compensation factor 
has been described separately for the case where code symbols are inserted and the case where virtual code symbols 
are excluded. Here, a ratio d of the number of rows into/from which code symbols are inserted or excluded to the total 
number of rows represents a distance between rows to which code symbols to be inserted or code symbols to be 
excluded belong, and this is defined as: 

. # of total rows . 

d= # of rows to bo considered ' d *»* tC be a naturBt number < 1 1 > 

[0069] Here, if the "d" is not a natural number, the address compensation factor generation expressions using a 
characteristic of the BRO operation, described in conjunction with Example 1 and Example 2, become incorrect. In 
Equation (11 ), since the number of total rows, which is a numerator, is always a power of 2, the number of insertion or 
exclusion rows, which is a denominator, should also become a power of 2, in order for the d to become a natural 
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number In Table 1 the remainder R represents the number of rews into/from which code symbols must be inserted 
oSuded and .or al, encoder packet sizes, none of the remainders R is a power of 2. However, even ,n th.s case, 
if R is exoressed as the sum of powers of 2. Equation (7) and Equation (9) can be applied. 

OoVo] i ZT description will be made of a generation principle of an address compensation factor to be actually 
appliedto each of the encoder packet sizes N EP =408, 792, 1560. 2328, 3096, 3864. 6168 and 12312. 

A. Generation of Address Compensation Factorfor Npp=408 , 792, 1 560, 3096, 6168 and 12312 (R=24) 

[0071] First, a description of a method for generating an address compression factor wi.l be made as to an encod er 
packet size N EP =408. Here, interleaved code symbols are read from the matrix shown m step 44 of FIG. 4 .n order of 

row -> column and then written in an input buffer of a channel decoder. 

S 408 code symbols included in one subblock constitute a matrix having 128 (=2?) rows, and the last t column 
of this matrix has 24 code symbols that were not considered during generation of an interim address^ Since 24 can be 
expresTed as in the form of a power of 2. the 24 code symbols will be separated into 16 h,gher code symbols 

^T^TS5h.r cod. symbds areamanged in 0* 8* 1 6* 104- 1 12*. and 120* -jjjjj spaced 
apart by a predetermined inter-row distance 8 (=1 28/16) beginning at the uppermost row and the remain^g 8 lower 
col symbols are arranged in 4*, 2 o*. 36*, -. 84*, 100*. and 116* rows being spaced apart by a predetermined 
inter-row distance 16 (=128/8) beginning at a 4* (=8/2) row. 

0074] Of the 24 code symbo.s, 16 code symbols are periodically inserted each time a row index becomes a multiple 
of 8, and the remaining 8 code symbols are periodically inserted each time a row index becomes ^a mu't.ple of 16 so 
it can be considered that the 24 code symbols are identical in their insertion patterns at penods of 1 6. Therefore, it can 
betntejreted Ithat inserting 24 code symbols in 128 rows is equivalent ,o inserting 3 (=24/8) code symbois every 16 

[0075) 8) ThTnumber 3 of the code symbols to be Inserted can be expressed as 3=2 + 1 or 3=4-1 in the form of a power 
of 2 For these two cases, an address compensation factor can be calculated as follows. 

[0076] When 3 is expressed as 2 + 1 , 2 code symbols are first inserted into 1 6 rows and then one code symbol must 
be further inserted. In this case, d is 8 (=16/2) during first Insertion, and d is 16 (=16/1) during second insertion. Thus, 
an address compensation factor C(r k ) is calculated by 

C(r t ) = C;{r k ) + C; 6 (r k ) 

^ ^ + 8 - (0+ l) j ^ rt+ i6-(4 + l) j (12) 



r00771 In Equation (1 2), for d=8. 2 code symbols with an inter-row distance 8 are first inserted in the last column in 
a state where the last column of a matrix has no code symbol, so a row index of a first inserted code symbol is 0 
Therefore, at this point, r is O. In addition, for d=16. one code symbol is additionally inserted in a state where the last 
43 column of the matrix already has 2 code symbols with an inter-row distance 8. In this case, the added cxide symbol Is 
inserted between already Inserted 2 code symbols in the light of a characteristic of a BRO operation. Theretore. at this 

mm ^eTwheVsis^pressed as 4-1 , 4 code symbols are first inserted in 16 rows and then one of the inserted 
code symbols is excluded. In this case, d is A (=16/4) during insertion, and d is 16 (=16/1) during exclus.on. Thus, an 
so address compensation factor C(r„) is calculated by 



55 



10 



BNSOOCIO <EP 14I887SA2_I..> 



EP 1 418 675 A2 



10 



20 



25 



C(/i) = C;(r,) + C-(r 1 ) 

_| ^+4-(0 + l) j | ^+16-(12-H) j 

-mm 



(13) 



[0079] In Equation (13), for d=4, a row index r+ of a code symbol first inserted in the last column of the matrix is 0, 
and for d=16 : a row index r of a code symbol first excluded from the last column is 12. This is because in the light of 
a characteristic of a BRO operation a code symbol in the last row among 4 code symbols that were already inserted 
in the last column must be first excluded. That is, since the number of code symbols that were already inserted in the 
last column is 4 and their inter-row distance is 4, an index r of the last row is 12 (=0+3x4). 

[0080] Equation (12) is completely equal to Equation (13) in operation result. In implementing the address compen- 
sator 324 by hardware. Equation (13) that requires only one adder for adding 3 to r k is more efficient than Equation 
(12) which requires two adders for adding different values 7 and 11 to r k , in terms of implementation complexity. 
[0081] In the cases where an encoder packet size N EP is 792, 1560, 3096, 6168 and 12312, the number of rows 
constituting the matrix is increased 2, 4, 8, 1 6 and 32 times, respectively, compared with when an encoder packet size 
N EP is 408, but the number of code symbols that were not considered during generation of an interim address is equally 
24 for ail the cases. Therefore, in those cases, an address compensation factor can be calculated using a generation 
expression generalized so as to have a bit shift value m as a parameter using Equation (13). Equation (14) below 
illustrates an address compensation factor generation expression applied for N EP =408, 792, 1560, 3096, 6168, and 
12312, and as shown in Table 1 , for the encoder packet sizes, m is 7 5 8, 9, 10, 11, and 12, respectively. 



30 



35 



C(r r ) = C^(r 4 ) + C;..3(rJ 

= | ^+2"- 5 -(0 + l) j + 

[ 2 m ~ s J [ 2 m -> 



2 m - 3 -(3-2 m ~ 3 +l) 



(14) 



[0082] Here : a code symbol index k is k=0,1 , N EP -1 , and a row index r k is r k =0,1 , .... 2 m * 1 . 
B. Generation of Address Compensation Factor for N F P =2328 (73=280) 

[0083] When an encoder packet size is 2328, 2328 code symbols included in one subblock constitute a matrix having 
1024 (=2 10 ) rows, and the last column of this matrix has 280 code symbols that were not considered during generation 

is of an interim address. Since 280 can be expressed as 2 a +2 4 +2 3 In the form of a power of 2, the 280 code symbols will 
be separated into 256 higher code symbols, the next 16 code symbols, and the remaining 8 code symbols. 
[0084] That is, the 256 higher code symbols are periodically inserted each time a row index becomes a multiple of 
4 (=1024/256), the next 16 code symbols are periodically inserted each time a row index becomes 64 (=1 024/1 6) : and 
the remaining 8 code symbols are periodically inserted each time a row index becomes a multiple of 128 (=1024/8). 

5<? Thus, it can be considered that the 280 code symbols are identical in their insertion patterns at periods of a row index 
128. Therefore, it can be interpreted that inserting 280 code symbols in 1024 rows is equivalent to inserting 35 (^280/8) 
code symbols every 128 (=1024/8) rows. 

[0085] The number 35 of the code symbols to be inserted can be expressed as 35=32+2+ 1 or 35=32+4-1 in the form 
of a power of 2. For these two cases, an address compensation factor can be calculated separately. However, as 
55 mentioned above for the case where R=24, when 35 is expressed as 32+2+1, one more adder is required in imple- 
menting an address compensator. Therefore, a generation principle of an address compensation factor will be described 
only for the case where 35 is expressed as 32+4-1. 

[0086] When 35 is expressed as 32+4-1 , 32 code symbols are first inserted in 128 rows, 4 code symbols are further 
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inserted and then one of the inserted code symbols is excluded. In this case, d is 4 (=128/32) during first insertion, d 
is 32 (=128W) during second insertion, and d is 128 (=128/1) during exclusion. 

0087] For d=4. 32 code symbols with an inter-row distance 4 are first inserted in the last column m a state where 
netast coLtof a matrix has no code symbol, so a row index of a first inserted code symbol is 0. Therefore, at this 

5 2 Ate 0 For ci 3 2, 4 code symbols are additionally inserted in a state where the last column of the matnx already 
Z\ fcode symbols with an Jer-row distance 4. m this case, a first inserted code symbol is »^MN|nM 
So code symbols among the a.ready inserted 32 code symbols in the light of a characteristic =of a BRO operat.orv 
Therefore, at this point, r+ becomes 2 (=(0 + 4)/2). Finally, for d=1 28, one code symbol wrth a highest row ,ndex among 
the already inserted code symbols must be excluded. In this case, the excluded code symbol becomes a code symbol 

w I^heTast row among the secondly inserted 4 code symbols in the light of a characteristic of a BRO operat.on, so r- 

foo^T^ 9 s B atesutt 3 using Equation (7) and Equation (9). an address compensation factor generation expressing 
applied for N EP =2328 is defined as 

c(rj = c;( ri )+c; 2 (r t ) + C- 8 0i) 

1 a + 4-(0-H) j | | ^ + 32-(2 + l) j | ^ + 128-(98 + l) j (15) 

25 C. Generation of Address Compensation Factor for N pp=3864 (fl=1816) 

[00891 When an encoder packet size is 3864, 3864 code symbols included in one subblock constitute a matrix having 
2048 =2") rows and 232 (=2048-1816) code symbols that were considered together during generation of an interim 
address must be excluded from the last column of this matrix. Since 232 can be expressed as 27+2*^2* ,n the form 
30 of a power of 2, the 232 code symbols will be separated into 128 code symbols. 64 code symbols, 32 code symbols, 

r0090] C ° Thanf oAhe 232 code symbols, the last 8 code symbols are periodically excluded each time a row index 
becomes a multiple of 256 (=2048/8). so the 232 code symbols are identical in their exclusion patterns at periods of 
256. Therefore, it can be interpreted that excluding 232 code symbols from 2048 rows is equivalent to excluding 29 

35 (=232/8) code symbols every 256 rows. „ . « on „ 1 ir , 

[00911 The number 29 of the code symbols to be excluded can be expressed as - 29=-1 6-8-4-1 or -29=-32+4-i in 
the form of a power of 2. For these two cases, an address compensation factor can be calculated separately. However, 
if -29 is expressed as -16-8-4-1 , several adders are further required in implementing an address compensator There- 
fore, a generation principle of an address compensation factor will be described only forthe case where -29 is expressed 
as -32+4" 1 

[0092] When -29 is expressed as -32+4-1 . 32 code symbols are first excluded, next, 4 code symbols are inserted, 
and then one code symbol is excluded. In this case, d is 8 (=256/32) during first exclusion, d is 64 (=256/4) during 
insertion, and d is 256 (=256/1) during second exclusion. 

[0093] For d=8 32 code symbols with an inter-row distance 8 are first excluded from the last column in a state where 
45 , he last column of a matrix is fully filled with code symbols, so a row index ol a first excluded code symbol Is d-1 in the 
light of a characteristic of a BRO operation. Therefore, at this point, r Is 7 (=8-1 ). In addition, for d=64, 4 code symbols 
with an inter-row distance 64 among the excluded 32 code symbols are restored. In this case, a first restored code 
svmbol is a code symbol with the lowest row index among the excluded 32 code symbols in the light of a characteristic 
of a BRO operation. Therefore, at this point also, r* becomes 7 (=8-1). Finally, for d=256. one code symbol with a 
so hiqhest row index among the restored 4 code symbols is excluded again, so r- becomes 199 (=7+3x64). 

[0094] As a result, using Equation (7) and Equation (9), an address compensation factor generation expressing 
applied for N EP =3864 is defined as 
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C(r t ) = C; (r t ) + CI (r k ) + C; j6 (r k ) 

4^^j4 r - + v +i) j4 ^ 2S6 2 r 9+i) j <*> 

D. Generation of Address Compensation Factor for N c p =4632 (fl=536) 

[0095] When an encoder packet size is 4632, 4632 code symbols included in one subblock constitute a matrix having 
2048 (^2 11 ) rows, and the last column of this matrix has 536 code symbols that were not considered during generation 
ot an interim address. Since 536 can be expressed as 2 9 +2*+23 in the form of a power of 2, the 536 code symbols will 
be separated into 512 higher code symbols, the next 16 code symbols, the remaining 8 code symbols. 
[0096] That is. the 512 higher code symbols are periodically inserted each time a row index becomes a multiple of 
4 {=2048/512). the nexl 16 code symbols are periodically inserted each time a row index becomes a multiple of 128 
(2048/16). and the remaining 8 code symbols are periodically inserted each time a row index becomes a multiple of 
256 (2048/8). so it can be considered that the 536 code symbols are identical in their insertion patterns at periods of 
a row index 256. Therefore, it can be interpreted that inserting 536 code symbols in 2048 rows is equivalent to inserting 
67 (=536/8) code symbols every 256 (2048/8) rows. 

[0097] The number 67 of the code symbols to be inserted can be expressed as 67=64+2+1 or 67=64+4-1 in the form 
25 of a power of 2. For these two cases, an address compensation factor can be calculated separately. However, as 
mentioned above for the case where R^24, when 67 is expressed as 64+2+1 , one more adder is required in imple- 
menting an address compensator. Therefore, a generation principle of an address compensation factor will be described 
only for the case where 67 is expressed as 64+4-1 . 

[0098] When 67 is expressed as 64+4-1 , 64 code symbols are first inserted in 256 rows, 4 code symbols are further 
30 inserted, and then one of the inserted code symbols is excluded. In this case, d is 4 (=256/64) during first insertion, d 
is 64 (=256/4) during second insertion, and d is 256 (=256/1) during exclusion. 

[0099] For d=4 : 64 code symbols with an inter-row distance 4 are first inserted in the last column in a state where 
the last column of a matrix has no code symbol, so a row index ot a first inserted code symbol is 0. Therefore, at this 
point. r+ is 0. For d=64, 4 code symbols are additionally inserted in a state where the last column of the matrix already 

35 has 64 code symbols with an inter-row distance 4. In this case : a first inserted code symbol is inserted between first 
two code symbols among the already inserted 64 code symbols in the light of a characteristic of a BRO operation. 
Therefore, at this point, r+ becomes 2 (=(0+4)/2). Finally, for d=256, one code symbol with a highest row index among 
the already inserted code symbols must be excluded. In this case, the excluded code symbol becomes a code symbol 
in the last row among the secondly inserted 4 code symbols in the light of a characteristic of a BRO operation, so r 

40 becomes 194 (=2+3x64). 

[0100] As a result, using Equation (7) and Equation (9), an address compensation factor generation expressing 
applied for N EP =4632 is defined as 

C(r t ) =C;(r k ) + d(r t ) + C: st (r t ) 

_| ^+4-(0+l) j | | ^+64-(2 + l) j | ^+236-(194 + l) j (J?) 

55 E. Generation of Address Compensation Factor for N F P =9240 (H=1048) 

[0101] When an encoder packet size is 9240, 9240 code symbols included in one subblock constitute a matrix having 
4096 (=2 12 ) rows . and the last column of this matrix has 1 048 code symbols that were not considered during generation 
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of an interim address. Since 1048 can be expressed as 2 i°+2*+23 in the form of a power of 2. the 1 048 code symbols 
will be seoarated into 1 024 higher code symbols, the next 1 6 code symbols, the remaining 8 code symbols. 
To 02] She! 02 4 higher code symbols are periodically inserted each time a row index 
4 (-4096/1024) the next 16 code symbols are periodically inserted each time a row index becomes a multiple ol 256 
a S the remaining 8 cod. symbols are periodically inserted each time a row index becomes a mu .pie of 

512 (4096/8). so it can be considered that the 1 048 code symbois are identical in their msert.on patterns . periods of 
a row index 51 2. Therefore, it can be interpreted that inserting 1048 code symbols in 4096 rows is equ.valent to inserting 
131 (=1048/8) code symbols every 512 (4096/8) rows. 

0103] The number 131 of the code symbols to be inserted can be expressed as 131=1 28+2+1 or 131=128+4-1 ,n 
to Elm of a power of 2. For these two cases, an address compensation factor can be catenated separately. However 
as memioned above for the case where R=24, when 131 is expressed as 128*2+1, one more adder . required in 
fmplementing an address compensator. Therefore, a generation principle of an address compensation factor will be 

described only for the case where 131 is expressed as 128+4-1 , . . M u„ 1<f ara 

101041 When 131 is expressed as 128+4-1 . 128 code symbols are first inserted in 512 rows. 4 code symbols are 
,5 222 inserted, and then one of the inserted code symbols is excluded, in this case, d is 4 (=512/128) dunng f.rst 
insertion d is 128 (=512/4) during second insertion, and d is 512 (=512/1) during exclusion. 

01051 For d=4 1 28 code symbols with an inter-row distance 4 are first inserted in the .ast column in a state where 
the last column of a matrix has no code symbol, so a row index of a first Inserted code symbol is 0. Therefore, at this 
ooint r+ is 0 For d=128. 4 code symbols are additionally inserted in a slate where the last column of the malr.x already 

20 has 128 code symbols with an inter-row distance 4. In this case, a first inserted code symbol is inserted between f.rst 
two code symbols among the already inserted 1 28 code symbols in the light of a characteristic of a BRO operate. 
Therefore, atthis point, r* becomes 2 H 0+4)/2). Finally, for d=512, one code symbol with a h^hest row index among 
the already inserted code symbols must be excluded. In this case, the excluded code symbol becomes a code symbol 
in the last row among the secondly inserted 4 code symbols in the light of a characteristic of a BRO operauon, so r- 

25 becomes 386 (=2+3x128). 

[0106] As a result, using Equation (7) and Equation (9), an address compensation factor generation express.ng 

applied for N EP =9240 is defined as 
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35 



C(r t ) = C; (r 4 ) + C; 2i (r t ) + C SI 2 (r t ) 

_ ^+4-(0-H) j | j ^-H28-(2 + l) j | ^ + 512-(386-H) j ( , g) 



40 F. Generation of Address Compensation Factor for N gp=1 5384 (fl=7192) 

£01071 When an encoder packet size is 15384. 15384 code symbols included in one subblock constitute a matrix 
havina 81 92 (=2 13 ) rows and 1 000 (=81 92-71 92) code symbols that were considered together during generation of 
an interim address must be excluded from the last column of this matrix. Since 1000 can be expressed as 
45 29+28+2^+26+25+23 in the foim of a power of 2, the 1 000 code symbols will be separated into 512 code symbols, 256 
code symbols. 128 code symbols. 64 code symbols. 32 code symbols, and 8 code symbols. 

r0108l That is of the 1000 code symbols, the last 8 code symbols are periodically excluded each time a row mdex 
becomes a multiple of 1024 (=8192/8), so the 1000 code symbols are identical in their exclusion patterns at periods 
of 1024. Therefore, it can be interpreted that excluding 1000 code symbols from 8192 rows is equivalent to excluding 

so 125 (=1000/8) code symbols every 1024 rows. 

r01091 The number 125 of the code symbols to be excluded can be expressed as - 125= 64-32-1 6-8-4-1 or -1Z&--- 
128+4-1 in the form of a power of 2. Forthese two cases, an address compensation factor can be calculated separately. 
However if - 125 is expressed as -64-32-16-8-4-1. several adders are further required in implement^ an address 
compensator. Therefore, a generation principle of an address compensation factor will be described only for the case 

55 where -125 is expressed as -128+4-1 . . . 

[01 101 When -1 25 is expressed as -1 28+4-1 . 1 28 code symbols are f.rst excluded, next. 4 code symbols are inserted, 
and then one code symbol is excluded. In this case, d is 8 (=1024/128) during first exclusion, d is 256 (=1024/4) dunng 
insertion, and d is 1024 (=1024/1) during second exclusion. 
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[0111] For d=8, 128 code symbols with an inter-row distance 8 are first excluded from the last column in a state 
where the last column of a matrix is fully filled with code symbols, so a row index of a first excluded code symbol is d- 
1 in the light of a characteristic of a BRO operation. Therefore, at this point., r is 7 (=8-1). In addition, for d=256. 4 code 
symbols with an inter-row distance 256 among the excluded 1 28 code symbols are restored. In this case, a first restored 
code symbol is a code symbol with the lowest row index among the excluded 128 code symbols in the light of a 
characteristic of a BRO operation. Therefore, at this point also, r+ becomes 7 (=8-1). Finally, for d=1024, one code 
symbol with a highest row index among the restored 4 code symbols is excluded again, so r becomes 775 (=7+3x256). 
[0112] As a result, using Equation (7) and Equation (9), an address compensation factor generation expressinq 
applied for N EP = 1 53B4 is defined as 



C{r k ) = C; (r k ) + C; 56 (r k ) + C" 24 (r, ) 

. | ^+8-(7 + l) j + | ^+256-(7 + l) j _ |^ 

- U l t k+248 | U+2481 
L 8 J L 256 J L 1024 J 



1024-(775 + l) 
1024 



(19) 

[0113] As described above, in a mobile station supporting a 1xEV-DV standard, subblock deinterleaving for forward 
packet data traffic is performed in such a manner that when the interim address generator 322 generates an interim 
address according to Equation (5) and Equation (6), the address compensator 324 generates an address compensator 
factor using one of Equation (14), Equation (15), Equation (16), Equation (17), Equation (18) and Equation (19), and 
the adder 326 generates a read address by calculating Equation (4). 

[0114] That is, if Equation (6) and one of Equation (14), Equation (15), Equation (16), Equation (17), Equation (1B) 
and Equation (19) selected according to an encoder packet si2e are substituted in Equation (4), then Equation (20), 
Equation (21), Equation (22), Equation (23), Equation (24) and Equation (25) below can be obtained. Equation (20) is 
a read address generation expression of the input buffer 310 for N EP =408 (m=7) f 792 (m=8), 1560<m=9), 3096 (m=10), 
6168 (m=M) and 12312 (m=12). Equation (21) is a read address generation expression of the input buffer 310 for 
Nep=2328. Equation (22) is a read address generation expression of the input buffer 31 0 for N EP =3864. Equation (23) 
is a read address generation expression of the input buffer 31 0 for N EP =4632. Equation (24) is a read address gener- 
ation expression of the input buffer 31 0 for N gp =9240. Equation (25) is a read address generation expression of the 
input buffer 31 0 for N Ep =1 5384. 
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A k =IA k +C(r k ) 

= ( J - 1) • BRO„ (k mod 2" ) + [* / 2" J 



BRO m (k mod 2 W ) + 2"- 5 - 1 



BRO„ (k mod 2 m ) + 2 m " 5 - 1 



(20) 
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A k =IA k +C(r k ) 

= 2-5/JO 10 (femod2'°) + ^j 

| | ^flq > (*mod2 u V3 j < 21 > 

+ BRO, n (k mod2' 0 ) + 29 j ^ BRO, n (k mod 2'°) + 29 j 



A t =/A k +C(r t ) 

= 2-B/?O ll (fcmod2 ,l ) + l^ r J 



| ^igQ„(*mod2") j 

1 HO„(Amod2") + 56 1 I fl*q,(fcmod2") + S6 I 
+ [ 64 J L 256 J 



1 BR O tl (k mod2 u ) + 3 I 
1 4 J 

| gJ?Q,(Armod2") + 61 I 1 BRO„(k mod2" ) + 61 

■[ J [ " 256 



(22) 



35 A k =IA k +C(r k ) 

= 2-5/?O l) (A:mod2 ,, ) + ^J 

g*Q„(*mod2") + 3 I < 23 > 
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A k =IA k +C(r t ) 

= 2 ^O l2 (*mod2 ,2 ) + |^Aj 

+ ^/gQ l2 (^mod2 12 )^3 j (24) 

{ I BRO n (k mod2 l2 ) + \25 I I gj?Q (2 (A:mod2 12 ) + 125 I 

L 128 J L 512 J 



A k ^IA^C(r k ) 

= 25/?O u (Amod2") + ^j 

j ^/?Q 13 (*niod2 l3 ) j (25) 

t 1 g/?O l3 (*mod2 n ) + 248 I I £/?Q 13 (A:mod2 l3 ) + 248 1 
[ 256 J [ 1024 J 



[0115] FIG. 10 illustrates a block diagram of the deinterleaving address generator 320 generating a read address 
35 for reading code symbols written in the input buffer 310, for N EP =408 (m=7), 792 (m=8), 1560 (m=9), 3096 (m=10), 
6168 (m=11) and 12312 (m=12), and J=4. This structure is a hardware device for implementing Equation (20). 
[01 16] As illustrated, if a desired code symbol index k is provided from the channel decoder 330 to an interim address 
generator 322a, a divider 400 outputs a maximum integer not exceeding a quotient obtained by dividing the code 
symbol index k by 2 m . The integer output from the divider 400 is applied to an adder 406. A BRO operator 402 groups 
40 bits obtained by dividing the code symbol index k by 2 m , performs a BRO operation on a row index for symbols of each 
group by the m bits, and calculates a row index r k for the code symbol index k. That is, for 408 bits, 0 th to 127 th bits 
constitute a first group, 128 th to 255 ,h bits constitute a second group, and 256 th to 383 rd bits constitute a third group. 
Symbols having the same row index in each group equally undergo a BRO operation. Such grouping is equally applied 
to different embodiments given below. A multiplier 404 multiplies the row index r k by 3 (=J-1) and provides its output 
*5 to the adder 406. The adder 406 then calculates an interim address IA k by adding an output 3r k of the multiplier 404 
to an output k/2 m of the divider 400. 

[0117] If ihe row index r k is applied lo an address compensator 324a. an adder 410 adds 2 m5 -1 to the row index r k 
and provides its output to dividers 412 and 414. The divider 412 outputs a maximum integer not exceeding a quotient 
obtained by dividing an output 'r k +2 f^ 5 - V of the adder 410 by 2 m * 5 , and the divider 414 outputs a maximum integer 
so not exceeding a quotient obtained by dividing the output , r k +2 m - 5 -1 , of the adder 41 0 by 2 m ' 3 . An adder 41 6 calculates 
an address compensation factor C(r k ) by subtracting an output of the divider 414 from an output of the divider 412. An 
adder 326 finally calculates a read address A k by adding the address compensation factor C(r k ) to the interim address 
\\. 

[0118] FIG. 11 illustrates a block diagram of the deinterleaving address generator 320 generating a read address 
55 for reading code symbols written in the input buffer 310, for N EP =3238 (m=10 and J=3). This structure is a hardware 
device for implementing Equation (21). 

[0119] As illustrated, if a desired code symbol index k is provided from the channel decoder 330 to an interim address 
generator 322b, a divider 420 provides an adder 426 with a maximum integer not exceeding a quotient obtained by 
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' dividing the code symbol index k by 2™. A BRO operator 422 groups bits obtained by dividing the code symbol index 
k by 2™ performs a BRO operation on a row index for symbols of each group by the m b.ts. and calculates a row ndex 
J k for the code symboi index k. A multiplier 424 muKiplies the row index r k by 2 (=J-1) and prov.des «ts output to the 
adder 426. The adder 426 then calculates an interim address IA k by adding an output 3r k of the mutt.plier 424 to an 

5 SK5 Tth°e rowSr r^appHed to an address compensator 324b, an adder 430 adds 3 to the row index r and 
a divider 434 outputs a maximum integer not exceeding a quotient obtained by r dividmc , an output r k +3 of he adde 
430 by 4. An adder 432 adds 29 to the row index r k and provides its output to dividers 436 .and 43 8 ™ *"*r «» 
outputs a maximum integer not exceeding a quotient obtained by dividing an output r k+ 29 of the adder 432 by 32, 

,o and the divTd^r 438 outputs a maximum integer not exceeding a quotient obtained by dividing the output V» «J the 
adder 432 by 128 An adder 440 calculates an address compensation factor C(r k ) by add.ng an output of the d.wder 
436 to an output of the divider 434 and then subtracting an output of the divider 438 from the addition resu^An adder 
326 finally calculates a read address A k by adding the address compensation factor C(r k ) to the .nter.m address I A k . 
r0121l FIG 12 illustrates a block diagram of the deinterleaving address generator 320 generating a read address 

15 for reading code symbo.s written in the input buffer 310, for N EP =3864 (m=11 and J=2). This structure is a hardware 
device for implementing Equation (22). . _ _ arlr , rl ,. t , 

r01 221 As Illustrated, If a desired code symbol index k is provided from the channel decoder 330 to an interim address 
Generator 322c a divider 450 provides an adder 456 with a maximum integer not exceeding a quotient obtained by 
dividing the code symbol index k by 2">. A BRO operator 452 groups bits obtained by dividing the code symbol .ndex 

20 k bV 2- performs a BRO operation on a row index for symbols of each group by the m bits, and calculates a row index 
r k for the code symbol index k. A multiplier 454 multiplies the row index r k by 2 (=J) and provides its output to the adder 
456. The adder 456 then calculates an interim address IA, by adding an output 2r k of the mult.pl.er 454 to an output 

k/2 m of the divider 450. . 

r01231 If the row index r k is applied to an address compensator 324c, a divider 462 outputs a max.mum .ntogcr not 

25 exceeding a quotient obtained by dividing the row index r k by 8. An adder 460 adds 56 to the row index r k and prov.des 
its output to dividers 464 and 466. The divider 464 outputs a maximum integer not exceeding a quot.ent obta.ned by 
dividing an output of the adder 460 by 64, and the divider 466 outputs a maximum integer not exceed.ng a 

quotient obtained by dividing the output T k+ SS' of the adder 460 by 256. An adder 468 calculates an address compen- 
sation factor C(r k ) by subtracting an output of the divider 462 and an output of the divider 466 from an output of he 

30 divider 464. An adder 326 finally calculates a read address A k by adding the address compensation factor C(r k ) to the 

roS 8 d RG S 13 > illustrates a block diagram of the deinterleaving address generator 320 generating a read address 
for reading code symbols written in the input buffer 310, for N EP =4632 (m=11 and J=3). This structure is a hardware 
device for implementing Equation (23). IJ „„ C , 

35 r012Sl As illustrated, if a desired code symbol index k is provided from the channel decoder 330 to an interim address 
qenerator 322d, a divider 470 provides an adder 476 with a maximum integer not exceeding a quot.ent obta.ned by 
dividing the code symbol index k by 2 m . A BRO operator 422 groups bits obtained by dividing the code symbol. .ndex 
k bv 2™ performs a BRO operation on a row index for symbols of each group by the m bits, and calculates a row index 
r k for the code symbol index k. A multiplier 474 multiplies the row index r k by 2 (=J-1) and provides its output to the 

40 adder 476. The adder 476 then calculates an interim address IA k by adding an output 2r k of the multipl.er 474 to an 
outout k/2 m of the divider 470. . . 

[0126] If the row index r k is applied to an address compensator 324d, an adder 480 adds 3 to the row .ndex r k and 
a divider 484 outputs a maximum integer not exceeding a quotient obtained by dividing an output V3 of the adder 
480 by 4 An adder 482 adds 61 to the row index r k and provides its output to dividers 490 and 492. The d.vKler 490 

45 outputs a maximum integer not exceeding a quotient obtained by dividing an output 'r.,+61 ' of the adder 482 by 64. 
and the divider 492 outputs a maximum integer not exceeding a quotient obtained by dividing the output r k+ 61 of the 
adder 482 by 256. An adder 494 calculates an address compensation factor C(r k ) by adding an output of the divider 
484 to an output of the divider 490 and then subtracting an output of the divider 492 from the addition result. An adder 
326 finally calculates a read address A,, by adding the address compensation faclor C(r k ) to the intenm address IA k . 

so f01 271 FIG 1 4 illustrates a block diagram of the deinterleaving address generator 320 generating a read address 
for reading code symbols written in the input buffer 310, for N EP =9240 (m=12 and J=3). This structure is a hardware 
device for implementing Equation (24). . . . 

r01 281 As illustrated, if a desired code symbol index k is provided from the channel decoder 330 to an interim address 
qenerator 322e a divider 500 provides an adder 506 with a maximum integer not exceeding a quot.ent obta.ned by 

55 dividing the code symbol index k by 2 rn . A BRO operator 502 groups bits obtained by dividing the code symbol .ndex 
k by 2-" performs a BRO operation on a row index for symbols of each group by the m bits, and calculates a row .nctex 
r k for the code symbol index k. A multiplier 504 multiplies the row index r k by 2 (=J-1) and provides its output to the 
adder 506 The adder 506 then calculates an interim address IA k by adding an output 2r k of the mult.pl.er 504 to an 
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output k/2 m of the divider 500. 

[0129J If the row index r k is applied to an address compensator 324e, an adder 51 0 adds 3 to the row index r k , and 
a divider 514 outputs a maximum integer not exceeding a quotient obtained by dividing an output 'r k +3' of the adder 
510 by 4. An adder 512 adds 125 to the row index r k and provides its output to dividers 516 and 518. The divider 516 
outputs a maximum integer not exceeding a quotient obtained by dividing an output 'r k +125' of the adder 512 by 128, 
and the divider 518 outputs a maximum integer not exceeding a quotient obtained by dividing the output 'r k +125 l of 
the adder 51 2 by 5 1 2. An adder 520 calculates an address compensation factor C(r k ) by adding an output of the divider 
514 to an output of the divider 516 and then subtracting an output of the divider 518 from the addition result. An adder 
326 finally calculates a read address A k by adding the address compensation factor C(r k ) to the interim address IA k . 
[0130] FIG. 15 illustrates a block diagram of the deinterleaving address generator 320 generating a read address 
for reading code symbols written in the input buffer 310, for N EP =15384 (m=13 and J=2). This structure is a hardware 
device for implementing Equation (25). 

[0131] As illustrated, if a desired code symbol index k is provided from the channel decoder 330 to an interim address 
generator 322f, a divider 530 provides an adder 536 with a maximum integer not exceeding a quotient obtained by 
dividing the code symbol index k by 2 m . A BRO operator 532 groups bits obtained by dividing the code symbol index 
k by 2 m , performs a BRO operation on a row index for symbols of each group by the m bits, and calculates a row index 
r k for the code symbol index k. A multiplier 534 multiplies the row index r k by 2 (=J) and provides its output to the adder 
536. The adder 536 then calculates an interim address \\ by adding an output 2r k of the multiplier 534 to an output 
k/2 m of the divider 530. 

[0132] If the row index r k is applied to an address compensator 324f, a divider 542 outputs a maximum integer not 
exceeding a quotient obtained by dividing the row index r k by 8. An adder 540 adds 248 to the row index r k and provides 
its output to dividers 544 and 546. The divider 544 outputs a maximum integer not exceeding a quotient obtained by 
dividing an output 'r k 4-248* of the adder 540 by 256, and the divider 546 outputs a maximum integer not exceeding a 
quotient obtained by dividing the output 'r k +248' of the adder 540 by 1024. An adder 548 calculates an address com- 
pensation factor C(r k ) by subtracting an output of the divider 542 and an output of the divider 546 from an output of 
the divider 544. An adder 326 finally calculates a read address A k by adding the address compensation factor C(r k ) to 
the interim address IA k . 

[0133] The embodiment of the present invention has the following advantages. In a mobile communication system 
using a deinterleaving rule specified in a 1xEV-DV standard, the embodiment of the present invention deinterleaves a 
stream of interleaved data at high speed to restore an original encoder packet. In particular, the present invention writes 
subblocks of received code symbols in a memory, reads the code symbols according to read addresses generated 
according to a deinterleaving rule, and provides the read code symbols to a decoder, thereby minimizing the required 
memory capacity and the number of hardware elements necessary for calculating read addresses. By doing so, it is 
possible to guarantee miniaturization and power reduction of a receiver. In addition, the present invention performs 
deinterleaving on subblocks separately, so a decoder can simultaneously decode a plurality of subblocks, thereby 
increasing a decoding speed and enabling high-speed data communication. 

[0134] While the invention has been shown and described with reference to certain embodiments thereof, it will be 
understood by those skilled in the art that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the appended claims. 



Claims 

1 . A method for reading code symbols by deinterleaving to decode a encoder packet in a receiver for a mobile com- 
munication system supporting interleaving, wherein an interleaved encoder packet has (2 m *J+R) bits, a bit shift 
value m, an up-limit value J and a remainder R, the method comprising the steps of: 

generating an interim address by bit reversal order (BRO) operation on an index of a code symbol; 

calculating an address compensation factor for compensating the interim address in consideration of the re- 
mainder; and 

generating a read address by adding the interim address to the address compensation factor for the code 
symbol, and reading the code symbol written in the generated read address. 

2. The method of claim 1 , wherein the interim address generation step comprises the step of generating the interim 
address by excluding the <J+1 )^ column when the number of the code symbols of the (J+1 ) th column is less than 
a half of 2™ code symbols, and generating the interim address by including the (J+1)^ column when the number 
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of the code symbols of the (J+1 J* column is more than a half of 2""code symbols. 

3 The method of claim 2. wherein the address compensation factor calculation step comprises the step of increasing 
the address compensation factor by one each time a code symbo! appears in the (J + 1 f column when the (J^ 
column is less than a half of 2™ code symbols, and decreasing the address compensation factor by one each t.me 
M^HZ is excluded from the (J + 1 )» column when the (J + 1 )* co.umn is more than a half of 2- code symbols. 

4. The method of claim 1 , wherein if a size of the subblock is 408, the read address is generated in accordance with 
the equation 

A k =3-B*0 7 (*modl28) + |*/128j 

| flJ?Q 7 (*modl28) + 3 _ S/?0,(A:modl28) + 3 I 
+ [ 4 J L 16 -I 

where \ is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and L-J means a maximum integer not exceeding an input 

5. The method of claim 1 , wherein if a size of the subblock is 792, the read address is generated in accordance with 
the equation 

A k =3- BRO s (* mod 256) + |* / 256J 

/?j?O t (A:mod256) + 7 j _ |^ g^O.(A:mod256) + 7 j 

where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and L J means a maximum integer not exceeding an input 

6. The method of claim 1 . wherein if a size of the subblock is 1 560, the read address is generated in accordance with 
35 the equation 

A k =3-£/?0 9 (*mod512) + |*/512j 

I 5*a(*mod512) + 15 I I BRO a (k mod 51 2) -US I 
+ 16 J"L 65 J 



45 where A* is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 

modulo operation, and , J means a maximum integer not exceeding an input 

7. The method of daim 1 . wherein if a size of the subblock is 3096, the read address is generated in accordance with 
the equation 

so 

A t =3- BRO w (k mod 1 024) + [k 1 1024J 

I BR OJJc modl024) + 31 I I BRO lo (k mod 1024) + 3 1 I 
+ L 32 J L 128 J 



55 



where A k is the read address, k is an index of the code symbol. BRO means a BRO operation, mod means a 
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modulo operation, and L j means a maximum integer not exceeding an input 

8. The method of claim 1 wherein if a size of the subblock is 61 68, the read address is generated in accordance with 
the equation 

A k = 3 - BRO } x (k mod 2048) + [k 1 2048J 

I mod 2048) + 63 II mod 2048) + 63 I 

L " 64 J [ 256 J 

where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation and L -J means a maximum integer not exceeding an input 

9. The method of claim 1, wherein if a size of the subblock is 12312, the read address is generated in accordance 
with the equation 



A k = 3 • BRO n (k mod 4096) + |* / 4096 J 
| BRO ]2 (k mod A 
L 128 



+ 1 BRO ]2 (k mod 4096) + 127 j _ BRO n (k mod 4096) + 1 27 j 



where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and L j means a maximum integer not exceeding an input 

30 10. The method of claim 1 , wherein if a size of the subblock is 2328, the read address is generated in accordance with 
the equation 

£*0 IO (*niod2 ,o ) + 3 



A k ^2-BRO x ^kmo*2")+\^^ 



| g/gQ i0 (/:mod2 10 ) + 29 jg/?t9, 0 (A:mod2 !Q ) + 29 
L 32 J [ 128 

40 



where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and , -J means a maximum integer not exceeding an input 

11. The method of claim 1 , wherein if a size of the subblock is 3864, the read address is generated in accordance with 
the equation 



4|.2.JJtq,(i tm od2") + [Aj-^^.(*"0«'2")j 

| I (A: mod 2") + 56 I I mod 2") + 56 I 

L 64 J [ 256 J 

where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and { J means a maximum integer not exceeding an input 
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12. The method of claim 1 . wherein if a size of the subblock is 4632, the read address is generated in accordance with 
the equation 



^ =2- mod 2 n ) + 



+ ^ BRO„(kmod2 xl ) + 3 



10 



15 



20 



I g*Q, (fcmod2")+61 I J BRO„(kmod2") + 61 I 
•[ M J [ 256 J 



where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and L J means a maximum integer not exceeding an input 

13. The method of claim 1 , wherein if a size of the subblock is 9240, the read address is generated in accordance with 
the equation 

(*mod2") + 3 



A, - 2 • BRO n (k mod 2" ) + |^TT J + 

I BRO„(kmod2") + l2S I I BRO„(kmod2 l2 ) + U5 
+ | 128 J L 512 -I 

25 U 

where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and L J means a maximum integer not exceeding an input 

30 14. The method of claim 1 , wherein if a size of the subblock is 1 5384. the read address is generated in accordance 
with the equation 

35 A=2-ittO )> (*mod2 u ) + |^J-l "-g J 

I £j?CU*mod2 l3 ) + 248 I 1 BRO„(kmod2 n ) + 248 I 
+ [ 256 J [ 1024 J 



40 



where A k is the read address, k is an index of the code symbol, BRO means a BRO operation, mod means a 
modulo operation, and,. J means a maximum integer not exceeding an input 

15 The method of claim 1 , wherein the address compensation factor calculation step comprises the step of calculating 
' an address compensation factor by the following equation when the (j+1 )•» column is less than a half or more of 
2 m code symbols; 



50 



where V is a value determined by dividing the total number of rows by the number of code symbols to be inserted 
55 V- is an index of a row where a first inserted code symbol is located among the remaining code symbols inserted 

in the (J+1)* column, and V in a address compensation factor indicates that a code symbol is .nserted .n 
the (J+1) m column. 
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16. The method of claim 1 , wherein the address compensation factor calculation step comprises the step of calculating 
an address compensation factor by the following equation when the (J+1 ) th column is more than a half of 2 m code 
symbols; 



goo-[ s«'7-»'> j 



where "d" is a value determined by dividing the total number of rows by the number of code symbols to be excluded, 
"r" is an index of a row where a first excluded code symbol is located, and in C* indicates that a code symbol 
is "excluded" from the (J+1 ) th column. 

'5 17. The method of claim 1 , wherein the step of generating the interim address further comprising: 

performing BRO operation of column indexe of the code symbol indexe; and 

adding the BRO operated column indexe and a column index of the code symbol indexe; 

20 18. The method of claim 17, wherein the BRO operation of column indexe of the code symbol indexes is performed 
by BRO operation of column index generated by dividing the code symbol indexes k into 2™ . 

19. The method of claim 17, wherein the column index is a quotient generated by dividing the code symbol indexes k 
into 2 m . 

25 

20. An apparatus for reading code symbols by deinterteaving in a receiver for a communication system supporting 
interleaving, wherein an interleaved encoder packet has (2*m*J+R) bits, a bit shift value m, an up-limit value J and 
a remainder R, the receiver including a buffer for writing symbols of the encoder packet and a channel decoder 
for decoding the written encoder packet, the apparatus comprising: 

an interim address generator for generating an interim address by performing a bit reversal order (BRO) op- 
eration on an index of a code symbol requested by the channel decoder; 

an address compensator for calculating an address compensation factor for compensating the interim address 
35 in consideration of the remainder; and 

an adder for generating a read address for reading the code symbol requested by the channel decoder from 
the buffer by adding the address compensation factor to the interim address. 

40 21. The apparatus of claim 20, wherein the interim address generator comprises: 

a first divider for outputting a maximum integer not exceeding a quotient obtained by dividing an index of a 
code symbol requested by the channel decoder by 2 m ; 

45 a BRO operator for grouping bits obtained by dividing the code symbol index by 2 m , and performing a BRO 

operation on row indexes for symbols of each group; 

a multiplier for multiplying an output of the BRO operator by (J-1); and 



a first adder for calculating the interim address by adding an output of the multiplier to an output of the first 
divider. 

22. The apparatus of claim 21 , wherein if a size of the encoder packet is any one of 408, 792 ; 1 560, 3096, 61 68 and 
12312, the address compensator comprises: 

a second adder for adding 2 m 5 -1 to an output of the BRO operator; 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
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the second adder by 2 m_5 ; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of the 
second adder by 2 m 3 ; and 

an adder for calculating the address compensation factor by subtracting an output of the third divider from an 
output of the second divider. 

23. The apparatus of claim 21 , wherein if a size of the encoder packet is 2328, the address compensator comprises: 
a second adder for adding 3 to an output of the BRO operator; 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
the second adder by 4; 

a third adder for adding 29 to an output of the BRO operator; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of the 
third adder by 32; 

a fourth divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
the third adder by 128; and 

a fourth adder for calculating the address compensation factor by adding an output of the third divider to an 
25 output of the second divider and then subtracting an output of the fourth divider from the addition result. 

24. The apparatus of claim 20, wherein a size of the encoder packet is 3864, 
the interim address generator comprises: 

a first divider for outputting a maximum integer not exceeding a quotient obtained by dividing an index of 
a code symbol requested by the channel decoder by 2 m ; 

a BRO operator for grouping bits obtained by dividing the code symbol index by 2 m , and performing a 
35 BRO operation on row indexes for symbols of each group; 

a multiplier for multiplying an output of the BRO operator by J; and 

a first adder for calculating the interim address by adding an output of the multiplier to an output of the 
40 first divider; and 

the address compensator comprises: 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
45 of the BRO operator by 8; 

a second adder for adding 56 to an output of the BRO operator; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
so of the second adder by 64; 

a fourth divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
of the second adder by 256; and 

55 a third adder for calculating the address compensation factor by subtracting an output of the second divider 

and an output of the fourth divider from an output of the third divider. 

25. The apparatus of claim 21 , wherein if a size of the encoder packet is 4632. the address compensator comprises. 
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a second adder for adding 3 to an output of the BRO operator; 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
the second adder by 4; 

a third adder for adding 61 to an output of the BRO operator; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of the 
third adder by 64; 

a fourth divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
the third adder by 256; and 

a fourth adder for calculating the address compensation factor by adding an output of the third divider to an 
output of the second divider and then subtracting an output of the fourth divider from the addition result. 

26. The apparatus of claim 21 .. wherein if a size of the encoder packet is 9240, the address compensator comprises: 

a second adder for adding 3 lo an output of the BRO operator; 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
the second adder by 4; 

a third adder for adding 125 to an output of the BRO operator; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of the 
third adder by 128; 

a fourth divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output of 
30 the third adder by 51 2; and 

a fourth adder for calculating the address compensation factor by adding an output of the third divider to an 
output of the second divider and then subtracting an output of the fourth divider from the addition result. 

35 27. The apparatus of claim 20, wherein if a size of the encoder packet is 1 5384, 

the interim address generator comprises: 

a first divider for outputting a maximum integer not exceeding a quotient obtained by dividing an index of 
40 a code symbol requested by the channel decoder by 2 m ; 

a BRO operator for grouping bits obtained by dividing the code symbol index by 2 m , and performing a 
BRO operation on row indexes for symbols of each group; 

45 a multiplier for multiplying an ourput of the BRO operator by J; and 

a first adder for calculating the interim address by adding an output or the multiplier to an output of the 
first divider; and 

50 the address compensator comprises: 

a second divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
of the BRO operator by 8; 

55 a second adder for adding 248 to an output of the BRO operator; 

a third divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
of the second adder by 256; 
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a fourth divider for outputting a maximum integer not exceeding a quotient obtained by dividing an output 
of the second adder by 1024; and 

a third adder for calculating the address compensation factorby subtracting an output of the second divider 
5 and an output of the fourth divider from an output of the third divider. 

28 A method for performing addressing so as to generate deinterieaved symbols from an input buffer that performs 
a bit reversal order (BRO) operation on column indexes of symbols in 2 m columns among (2 m xJ+R) symbols, 
where 2 m is the number of columns, J is the number of columns and R is the number of remaining symbols in a 

w (J+1 column, and sequentially writes interleaved symbols corresponding to code symbol indexes k, the method 

comprising the steps of: 

performing BRO operation of column indexes of the code symbol indexes; 

15 generating a interim addresses by adding the BRO operated column indexes to a column index of the code 

symbol indexes; 

generating address compensation factor for compensating addresses of remaining symbols from the code 
symbol index of 0+1 ) m ; and 

20 

generating addresses by adding the interim address values and the address compensation factors , and ap- 
plying the addresses to the buffer. 

29 The method of claim 28, wherein the interim address generation step comprises the step of generating the interim 
25 address by excluding the (J+1 J* column if the (J+1 )* h column having the R remaining symbols is less than 2™ code 

symbols s and generating the interim address by including the (J+1)* column if the (J+1 ) th column has more than 
half of 2 m code symbols. 

30. The method of claim 28, wherein the BRO operation of column indexes of the code symbol indexes is performed 
30 by BRO operation of column index generated by dividing the code symbol indexes k into 2™ 

31 . The method of claim 28, wherein the column index is a quotient generated by dividing the code symbol indexes k 
into 2 m . 

32 An apparatus for performing addressing so as to generate deinterieaved symbols from an input buffer that performs 
a bit reversal order (BRO) operation on column indexes of symbols in 2™ columns among (2™xJ+R) symbols, 
where 2™ is the number of columns, J is the number of columns and R is the number of remaining symbols in a 
(J+1 )* column, and sequentially writes interleaved symbols corresponding to code symbol indexes k, the apparatus 
comprising: 

an interim address generator for performing BRO operation of column indexes of the code symbol indexes 
and adding the BRO operated columnindexes to a column index of the code symbol indexes; 

an address compensation factor calculator for generating address compensation factor for compensating ad- 
dresses of remaining symbols from the code symbol index of (J+1) th column; and 

an adder for adding output of the interim address generator and output of the address compensation factor 
calculator. 
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EXAMPLE) m=4. J=2. and R=4 
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EXAMPLE) m=4, J=2. and R=12 
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FOR THE CASE OF (N ff =408. m»7. J=4) or (Ngp=792, m=8. J=4) or 

(N £P =t560, m=9. J=4) or (N EP =3096. m=10. J=4) or 
(Ng,=6l68. m»11. J=4) or (N sp =l2312. m=l2. J=4) 
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FOP THE CASE OF (N EP =2328, m=lO. J=3) 
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FOR THE CASE OF (N«,=3864, ra«1 1. J=2) 
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FOR THE CASE OF (N EP =4632. m=l 1 . J=3) 
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FOR THE CASE OF (^=9240. m=l2, J=3> 
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FOR THE CASE OF (N eP =l5384. m=13. J=2) 
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